A model to estimate the ecological status and identify restoration targets of transitional and coastal waters was developed. Marine benthic macrophytic species (seaweeds, seagrasses) were used to indicate shifts in the aquatic ecosystem from the pristine state with late-successional species (Ecological State Group I) to the degraded state with opportunistic (ESG II) species. The first group comprises species with a thick or calcareous thallus, low growth rates and long life cycles (perennials), whereas the second group includes sheet-like and filamentous species with high growth rates and short life cycles (annuals). Seagrasses were included in the first group, whereas Cyanophyceae and species with a coarsely branched thallus were included in the second group.
Introduction
Mediterranean Marine Science Vol. 2/2, 2001, 45-65 The term "classes of ecological status" is used in the text of the EU frame Directive for Water Policy (WFD, 2000/60/EC) in order to describe the degree of human impact on the biological communities living in a water body. Five classes of quality (high, good, moderate, low and bad) are foreseen, the high class reflecting pristine, undisturbed conditions of the ecosystem.
The concept of "ecological status" (or ecological quality status) was elaborated during the early 90's, to be used in a new frame of European water policy. For the purposes of the Directive "ecological water quality is an overall expression of the structure and function of the biological community taking into account natural physiographic, geographical and climatic factors as well as physical and chemical conditions, including those resulting from human activities" (EEC, 1994) .
Transitional and coastal waters are some of the most productive ecological systems on Earth and are recognized to be of extremely high "value" to human society. However, they are being severely threatened by anthropogenic pressure and climate change induced sea level rise (CROOKS & TURNER, 1999) . For the management of these ecosystems it is critical to identify the key biological signals (impacts) that indicate the intensity of anthropogenic stress or ecological status.
Cumulative evidence indicates that impacts are best investigated at the population or community level (LOBBAN & HARRISON, 1994; CROWE et al., 2000) and this requires an approach that integrates an ecological assessment into the more traditional chemical and physical evaluation (GIBSON et al., 2000) . However, the diagnosis of the ecological status is often a difficult task because of spatial and temporal variability in community features as a result of changes in physical and chemical conditions . One possibility for overcoming this complexity is to study communities from a functional point of view (groups of functionally similar species). At a functional level, communities appear to be much more temporally stable and predictable than when examined at the species level (STENECK & WALTING, 1982; STENECK & DETHIER, 1994) . For example, anthropogenic stress shifts the community structure towards dominance of opportunistic species (BOROWITZKA M. A., 1972; REGIER & COWELL, 1972) .
Marine benthic macrophytes (phytobenthos) are mentioned in the WFD as a "quality element" for the classification of marine coastal areas. They include two fundamentally different groups of plants, the seaweeds (macroscopic algae) and the seagrasses (vascular plants). These macrophytes form the structural base for some of the most productive ecosystems in the world (MANN, 1973; McROY & LLOYD, 1981) , including rocky and soft bottom intertidal and subtidal zones, coral reefs, lagoons and salt marshes.
The three major taxonomic groups of seaweeds, Chlorophyceae, Phaeophyceae and Rodophyceae, although representing distinct evolutionary lines show similar ranges of morphologies. It would thus seem likely that this similarity of form is adaptive, conferring fitness on phyletically diverse organisms growing in a common habitat. The recognition of the importance of morphology has led to ecological classifications of seaweeds based on thallus morphology, longevity and life history (FELDMANN, 1951; CHAPMAN & CHAPMAN, 1976; RUSSEL, 1977) . More recently, LITTLER & LITTLER (1980) have proposed a functional-form model. This model was tested and verified experimentally: the functional characteristics of plants, such as photosynthesis, nutrient uptake, and grazer susceptibility, are related to morphology and surface area: volume ratios (LITTLER, 1980; LITTLER & ARNOLD, 1982; LITTLER & LITTLER 1984) . Seaweeds and seagrasses comprise two evolutionary and physiologically different groups (LARKUM et al., 1989; HEMMINGA & DUARTE, 2000; LOBBAN & HARRISON, 1994) but have often been examined together because of morphologicalfunctional similarities and the apparent overlap in habitats.
Because marine benthic macrophytes are mainly sessile organisms, they respond directly to the abiotic and biotic aquatic environment, and thus represent sensitive indicators of its changes. A good example is water eutrophication. It is well documented that elevated concentrations of nitrogen and phosphorus in the water column do not necessarily indicate highly eutrophic conditions, neither do low concentrations necessarily indicate absence of eutrophication (CLOERN, 2001 ). The reason is that nutrient concentrations in the water column are related to nutrient load as well as to other biological and chemical processes. A reliable signal of increasing eutrophication is the replacement of late successional, perennial seaweeds, like Cystoseira spp. and Fucus spp. by opportunistic species like Ulva spp. and Enteromorpha spp. (HARLIN, 1995; SCHRAMM & NIENHUIS, 1996; SCHRAMM, 1999) . Several examples of impacts of anthropogenic stress on marine phytobenthic communities are shown in Table 1 .
Marine benthic macrophytes, in particular seagrasses, also provide substrate, habitat and shelter for plants and animals, including economically important species (HARMELIN-VINIEN et al., 1995; POLLARD, 1984; EDGAR, 1999 a, b) . Since the canopy of leaves diminishes wave energy and currents (FONSECA & CALAHAN, 1992) , they also significantly affect sediment stability (FONSECA, 1996) and the retention of particles (BULTHUIS et al., 1984; DAUBY et al., 1995) .
The appliance of the WFD obligates all the members of European community first to evaluate the ecological status and then to identify restoration targets of their transitional and coastal waters. The aim of this paper was (1) to develop a model for the estimation of ecological status and identification of restoration targets of transitional and coastal waters, and (2) to apply this model in selected lagoons of the Eastern Macedonia and Thrace region (North Greece) and in the Saronic Gulf (Central Greece) coastal waters.
Materials and Methods

A. Development of the model
In the context of developing methodology suitable for evaluation of ecological status in transitional and coastal waters, a series of steps was followed:
(1) Identification of the basic concept that best describes the impact of anthropogenic stress to community from a synthesis of existing literature in Table 1. (2) Identification a set of bio-indicators that respond directly to anthropogenic stress. A synthesis of existing literature in Table 1. (3) Identification of functional groups that predict function of communities in pristine and degraded ecosystems. The existence of the functional-form model for seaweeds (LITTLER, 1980) and its relevance for describing functional characteristics of ecosystem, e.g. productivity, was used as a basic milestone. However, a new synthesis that incorporates seagrasses with seaweeds in a functional type scheme was needed.
(4) Development of a numerical scoring system that expresses the ecosystem status to a number. A good example of this procedure was the methodology followed by BRICKER et al. (1999) to assess eutrophic conditions in USA estuaries.
B. Case studies
The model was tested in selected lagoons of the Macedonian and Thrace region (North Greece) and in the Saronic coastal ecosystems (Central Greece).
Eastern Macedonian and Thrace lagoons
The investigated lagoons are located in the Eastern Macedonia and Thrace region, where one of the most extensive Greek fresh waterestuarine systems exists. They belong to the Nestos River (Vassova, Eratino, Agiasma, Keramoti) and Vistonida estuarine system (Fanari) catchments. Their value in ecological (Natura 2000 network) and economic (fish aquaculture) terms is high. Along the western coasts of the Nestos River Delta a series of four elongated bar-built lagoons exist ( Figure  1 ). They consist of a shallow (up to 1.5 m) area and several artificially constructed channels (up to 3 m in depth). The fresh water sources of the lagoons are mainly agricultural run-offs Table 1 Examples of impact of anthropogenic stress on marine benthic macrophytic communities.
coming in from surrounding drainage channels and the old bed of the Nestos River. The At stations with obvious patchiness of the benthic vegetation a second relevé (55 in total) was taken for verification. The sampling was destructive, by using a 30 cm x 50 cm x 100 cm (width x length x height) metallic stainless frame and a net. Each sample was carefully sorted and identification at species level, except Cyanophyceae mats, was attempted. For the identification and classification of species the following literature was used: COPPEJANS (1983), ATHANASIADIS (1987) , BURROWS (1991) , RIBERA et al. (1992) , GALLARDO et al. (1993) , MAGGS & HOMMERSAND (1993) , LAZARIDOU (1994) and FLETCHER (1995) . The abundance of species was estimated as % coverage in the sampling area (15 cm 2 = 1% of the sampling area) in horizontal projection Medit. Mar. Sci., 2/2, 2001, 45-65 49 ( BOUDOURESQUE, 1971; VERLAQUE, 1987) . Species were classified into functional form groups (FFg) according to LITTLER & LITTLER (1980 , 1984 .
Saronic Gulf
The Saronic Gulf is an embayment of the Aegean Sea (northeast Mediterranean) lying between 37AE30'N and 38AE00'N ( Figure 2 ). The length of the coastline is about 744 km, the surface about 2.866 km 2 , the maximum depth about 400 m and the mean depth about 100 m. The Saronic Gulf is bordered by the coasts of Attica in the north and by the coasts of the Peloponnise in the west and south west. The gulf communicates with the Aegean in the east through an approximately 50 km wide open connection. Rocky calcareous shores are the dominant element of the coastline. The present study refers to the coastline of Attica, about 182 km long.
Four sampling stations were chosen in the upper infralittoral zone (0.5 to 1 meter in depth) across two axes with a gradual attenuation of pollution ( Figure 2 ). Stations 1 and 2 were located on an axis starting from the outfall towards the western part of the gulf, whereas stations 3 and 4 were located on an axis starting from the outfall towards the eastern part of the gulf. The choice of the sampling stations aimed to reflect the ecological status of the Inner and Outer Gulf as they are described based on hydrological data (COAHMAN et al., 1976) . Five samplings were carried out from August 1998 to September 2001 in order to monitor different seasonal aspects of the vegetation. The sampling was destructive, using a quadrat size of 20 cm x 20 cm (400 cm 2 ), which is considered to be the representative minimal sampling area for infralittoral communities in the Mediterranean (DHOND & COPPEJANS, 1977; BOUDOURESQUE & BELSHER, 1979) . Additionally, underwater photos of the vegetation at each sampling station were taken.
Each sample was carefully sorted and identification at species level was attempted. Phaeophyceae, Chlorophyceae and Rhodophyceae were identified and classified according to RIBERA et al. (1992) , GALLARDO et al. (1993) and ATHANASIADIS (1987) , respectively. The abundance of species was estimated as % cover in the sampling area (4 50 Medit. Mar. Sci., 2/2, 2001, 45-65 cm 2 = 1% of the sampling area) in horizontal projection (BOUDOURESQUE, 1971; VERLAQUE, 1987) . In cases where the coverage of morphologically similar species could not be measured precisely, the species were grouped together (as spp.) in order to avoid artificial dissimilarity between stations. Species were classified into FFg according to LITTLER & LITTLER (1980 , 1984 .
Results
A. The ecological evaluation model The concept -Ecological State Groups
Anthropogenic stress shifts the ecosystem from pristine to degraded state, where opportunistic species dominate. Table 2 shows a synthesis of the functional characteristics and growth strategies of marine benthic macrophytes. Marine benthic macrophytic species were classified into two ecological state groups (ESG), the late successional (I) and the opportunistic (II). The first group includes species of FFg D, E and F, i.e. species with a thick or calcareous thallus, low growth rates and long life cycles (perennials), whereas the second of FFg A and B, i.e. sheet-like and filamentous species with high growth rates and short life cycles (annuals). Seagrasses were included in the first group, whereas Cyanophyceae and species with a coarsely branched thallus were included in the second group.
Ecological Evaluation Index
The ecological evaluation index (EEI) is a number ranging from 2 to 10, indicating the overall ecological status of transitional and coastal waters (Table 3) . To determine the EEI of an ecosystem the following procedure is used:
1. The area under examination is divided into relatively large representative nonoverlapping permanent-polygons or -lines (PP or PL) and several relevées of benthic vegetation are obtained from each. All protocols can preferably include seasonal sampling following either destructive or nondestructive designs.
2. In each relevé the absolute abundance (%) of each ESG is estimated by its coverage. In cases where abundance is estimated as biomass or number of individuals the data have to be transformed to a comparable form.
3. The average abundance (%) of ESG I and II are cross compared in a matrix to determine the ecological status of the PPs or PLs in a range of five categories from high to bad (see Figure  3) . A numerical scoring system was developed to correspond the ecological status categories to a numerical value (Table 3) .
4. The surface area of each PP or the length of each PL is multiplied by their ecological status value and then divided by the sum of surface areas of PPs or lengths of the PLs. The area-or length-weighted values are then summed to obtain EEI and the ecological status category of the ecosystem (Table 3) .
Example
A theoretical water system (WS) is divided in two PP (WSa, WSb), which cover 30 and 70% of its total area, respectively. The mean absolute coverage (%) of ESG I and II of sampled relevé in WSa was 45 and 20, respectively. This corresponds to the "good" ecological category (Figure 3 ) and to score 8 ( "low" ecological category ( Figure 3 ) and to score 4 (Table 3 ). The EEI of WS is following: EEI = (8 x 0.3) + (4 x 0.7) = 2.4 + 2.8 = 5.2, which corresponds to the "moderate" ecological category.
B. Case studies
Macedonian and Thrace lagoons
Eighteen (18) seaweed (7 Chlorophyceae, 2 Phaeophyceae and 9 Rhodophyceae) and two seagrass species were identified in total (Table 4 ). The highest number of species was recorded in the Vassova lagoon (12 seaweeds and 2 seagrasses) and the lowest in the Fanari lagoon (4 seaweeds and one seagrass). By using the functional-form model the species were classified into seven FFg and two ESG. Three species and the Cyanophyceae mats were classified into ESG I, seventeen species into ESG II. The abundance of ESG II was higher than that of ESG I in all Delta Nestos lagoons. This trend was mainly due to high dominance of ESG II species in winter. In the Fanari lagoon there was a clear dominance of ESG I species. The ecological status of the lagoons was evaluated by using the EEI: three lagoons were classified into the low (Eratino, Keramoti, Vassova), one lagoon into the good (Agiasma) and one lagoon into the high (Fanari) ecological status category (Table 6 ). The overall ecological status of Delta Nestos catchments was evaluated as moderate (EEI=4.9).
The Saronic Gulf
Forty-seven (47) taxa were identified (10 Chlorophyceae, 14 Phaeophyceae and 23 Rhodophyceae) in total ( Table 5 Composition and abundance of marine benthic macrophytes in the Saronic Gulf. More details in Tables 2 and 3 was evaluated by using the EEI: one station (St. 2) was classified into the low, two stations into the moderate (St. 1 and 3) and one station into the good (St. 4) ecological status category (Table 7) . The overall ecological status of the Inner and Outer Saronic Gulf was evaluated as moderate (EEI=4.95) and good (EEI=6.38), respectively.
Discussion
The present model was developed to evaluate shifts from pristine to degraded states in transitional and coastal ecosystems by using a new ecological index (EEI). The EEI indicates the overall ecological status of transitional and coastal waters (Table 3) and allows water managers to compare, to rank and to set management priorities at regional and national levels.
The model used marine benthic macrophytic communities as bio-indicators because, as sessile primary producers, they respond directly to anthropogenic stress (Table 1) . Since they are important structural and functional components of the transitional and coastal waters, inhabiting sediment (roots of seagrasses) as well as water (seaweeds and leaves of seagrasses), they can potentially provide an integrated measure of ecological status. Several other models to predict ecological status of different aquatic ecosystems by using one (HOLMES et al., 1998; RITZ & TRUDGILL, 1999; AMOROS et al., 2000) or several types of bio-indicators (BRICKER et al. 1999; GIBSON et al., 2000; LAFONT et al., 2001) have recently been developed. The main advantages of these models are: (1) Anthropogenic stress is evaluated from the community response (CROWE et al., 2000) and (2) The evaluation does not include antagonistic response parameters like nutrient concentrations (driving force) and phytoplankton or seaweed biomass (impact) in the same matrix.
The marine benthic macrophytes were classified into two ESGs (Table 2) potential (opportunistic, ESG II), whereas pristine environments are dominated by perennial species with low growth rates and reproductive potential (late-successional, ESG I). Many authors (REGIER & COWELL, 1972; MURRAY & LITTLER, 1978; SOUSA, 1980; DUARTE, 1995; HARLIN, 1995; SCHRAMM & NIENHUIS, 1996; SCHRAMM, 1999) have documented this pattern. LITTLER & LITTLER (1980) have extensively discussed the attributes that seem to improve the fitness of opportunistic and late-successional seaweeds and their hypothetical costs and benefits. Seaweeds with a sheet-like and filamentous thallus (FFg A and B) are generally more productive and grow in more temporally unstable habitats than thicker and calcareous seaweeds (FFg D, E and F), which are conspicuous in more constant environments (LITTLER & LITTLER, 1980; 1984 , see also Table   2 ). Some species, however, through morphologically or ecologically dissimilar alternate phases (e.g. Scytosiphon, Colpomenia, Petalonia), have attributes of both extremes.
Prediction of function, like productivity, from morphology is not always simple, because in several cases there is not a clear relationship. For example, Caulerpa van-bosseae had much lower photosynthetic rates than other members of FFg-B and Sargassum herporhizum had much higher photosynthetic rates than other members of FFg-D (LITTLER & LITTLER, 1984) . Similarly, species belonging to FFg-C had photosynthetic rates similar to members of FFg-B or FFg-D or were intermediate. In the present model the species belonging FFg C were classified into ESG II because several of its members, such as Gracilaria spp., Acanthophora spp., Gigartina spp., are dominant species in degraded marine ecosystems (CASABIANCA Table 7 Ecological evaluation of the studied stations in the Saronic Gulf. LAZARIDOU et al., 1997; ORFANIDIS et al., 2001) . However, we agree with the conclusion that "functional group ranking realistically should be regarded as recognizable units along a continuum, each containing considerable variation of form and concomitant functional responses" (LITTLER & LITTLER, 1984) .
Comparing growth rates (DUARTE, 1995) , resistance to herbivory (CEBRIAN & DUARTE, 1994) , longevity and canopy height there were many similarities between seagrasses and seaweeds belonging to FFg-D (Table 2 ). In addition, both groups are latesuccessional forming climax communities. For example, Posidonia oceanica is a latesuccessional species in undisturbed areas of the Mediterranean Sea and Cymodocea nodosa is a late successional species in relatively more stressful habitats. Zostera marina is considered a colonizer as well as a climax species on the North European coasts (McROY & LLOYD, 1981) .
Another often used model in plant ecology is GRIME 'S (1977, 2001 ) C-S-R triangle, in which species can be categorized as: (1) Ruderal (opportunists), (2) Stress-tolerant, (3) Competitors (late-successional). While the three strategies are the extremes, many plants will show tradeoffs of the threetrait syndromes to some extent. Obviously, the sheet-like and filamentous species of LITTLER & LITTLER (1980) can be classified as ruderals in Grime's scheme and the thick and calcareous species as competitors. However, morphology seems not to be a criterion in identifying the seaweeds that follow a stress-tolerant strategy. Although in terrestrial environments, a stress-tolerant plant tends to have late-successional characteristics, the more stress-resistant marine algae, such as blue-greens, Ulva and Enteromorpha, are opportunistic species (LOBBAN & HARRISON, 1994; COELHO et al., 2000) . Although Grime's model has been extended and modified by STENECK & DETHIER (1994) in order to apply to functional groups of marine algae, it seems that it has limited usage as a predictive model in applied marine ecology. This conclusion is further strengthened by the categorization of seagrasses into the stress-tolerant group (LARKUM & DEN HARTOG, 1989) because of low diversity and the fact that they colonize habitats (shallow bays and estuaries) with low competition. This is, however, in contradiction with the high sensitivity of seagrasses to anthropogenic stress (Table 1) .
On the axes of the matrix, the % of absolute abundance of the ecological groups (Figure 3 ) is represented. This was done because ecosystem function or processes, e.g. nutrient cycling, productivity, can be closely related to species abundance. To give an example, the particle and nutrient sink in two Zostera meadows in Sylt, North Sea, was positively correlated with their density (ASMUS & ASMUS, 2000) . A positive relation between shoot density of seagrasses and fish and shrimp density was also documented (FONSECA et al., 1996a, b) . Because the stratification of marine benthic macrophytic communities includes several growth forms (canopies, understorey etc.) total coverage can be higher than 100% (see below). Consistent low values of total coverage, especially in seagrass meadows, are indicative of habitat destruction and fragmentation.
The model can classify the transitional and coastal waters into five ecological categories, from high to bad (EEC WFD, 2000/60), based on a cross comparison in a matrix of the two ESGs (Figure 3) . In contrast to the available typologies, e.g. EEC Directive 92/43, this typology is based on ecological processes which can also predict restoration potentialities. According to the model, a restoration goal of a degraded aquatic environment could include an improvement of hydrological and ecological conditions to allow growth of seagrass in soft substratum (e.g. Posidonia) and seaweed communities of FFg-D (e.g. Laminaria, Fucus, Cystoseira) on hard substratum. Restoration of kelp communities and, in particular seagrass meadows in degraded aquatic environments is a well-known practice on the North American coast (FONSECA et al., 1998; ROBLEDO et al., 2000) . These communities not only form the basis of natural, pristine marine environments (PANAYOTIDIS et al., 2001 ) but also support many ecosystem services, e.g. sustain biodiversity (DEN HARTOG, 1970; PHILLIPS & MEŇEZ, 1988; NIENHUIS, 1992) , maintain fish habitat (HARMELIN-VIVIEN et al., 1995; POLLARD, 1984; BELL et al., 1992; FRANCOUR, 1997; EDGAR, 1999b; BLADER et al., 2000) , offer detritus to the trophic chain (EDGAR, 1999a) , maintain water quality (BULTHUIS et al., 1984; DAUBY et al., 1995; GACIA et al., 1999; ASMUS & ASMUS, 2000) , stabilize sediment and control erosion (FONSECA, 1996; ASMUS & ASMUS, 2000) .
The test of the model in estuarine (Table  6 ) and coastal waters (Table 7) was successful because the results are in accordance with existing ecological conditions as documented before. During previous decades, the Nestos Delta Lagoons (moderate ecological status) were severely influenced by eutrophication because of point (phosphorus industry) and non-point (agriculture) sources of effluents (THEOCHARIS et al., 2000; SYLAIOS & THEOCHARIS, 2002) . Some ten years ago the problem was so severe that local water managers decreased the inflow of fresh-water sources into the lagoons. In contrast, the Fanari lagoon (high ecological status) seems to be un-affected by eutrophication because of limited fresh-water sources.
The inner parts of the Saronic Gulf (Central Greece) are considered among the most polluted Greek aquatic ecosystems because of proximity to the densely populated Athens basin. Earlier studies showed a gradual attenuation of the pollution caused by the central outfall of urban wastes towards the southern and eastern parts of the gulf (DIAPOULIS & HARITONIDIS, 1987; SIMBOURA et al., 1995) . This pattern was also documented in this study.
The ecological status of the tested areas showed temporal and spatial changes (Table  6 and 7) . This is in agreement with ecological theory, which regards brackish waters and polluted areas as unpredictable environments (SANDERS, 1968; COGNETTI & MALTAGLIATI, 2000) with spatial and temporal changes in the intensity of disturbance ). In the model, the final ecological status designated to an area is based on many seasonally sampled relevés, which reflects an average of environmental conditions existing during the investigation.
Conclusion
The ecological evaluation model developed in this study can be a valuable tool for transitional and coastal water managers in Europe and worldwide. It gives them the possibility to compare, to rank and to set priorities at regional and national levels quickly and without a demand for specialized knowledge of seaweed or seagrass taxonomy. Usage of the model could provide a comprehensive and objective picture of current ecological status, whereas a monitoring program could allow analysis of environmental degradation or improvement.
Marine benthic macrophytes were classified from functional form characteristics into two ecological groups that represent contrasting ecological states. Because of unclear limits between the proposed ESGs, a certain amount of research requirement is needed. The proposed EEI classified water ecosystems into five ecological categories from high to bad, where their exact limits still have to be tested.
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